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（PAHs）降解菌的多样性和所分离获得的重要 PAHs 降解菌进行研究。 
第一部分，近海菲降解菌的研究：以菲为唯一碳源和能源从厦门近海海水样品中
筛选到一株能够降解多种 PAHs 的细菌。16S rDNA 序列同源性分析表明它可能属于新鞘
氨醇杆菌属（Novosphingobium sp. phe-8）。采用气相色谱-质谱联用测定了该菌对菲、
芘的降解率，发现：起始浓度为 100 mg/L 的菲在三周内几乎完全被降解；起始浓度为
10 mg/L 的芘在 5 d 内几乎完全被降解。根据已经报道的 PAHs 起始双加氧酶大亚基基
因序列，设计了一对简并引物，并 PCR 扩增得到了约 700 bp 的基因片段。比对结果显
示它同已报导的一株降解菌 Novosphingobium aromaticivorans F199 质粒上的 bphA1f
基因相似度 高，达到 98.26%，该基因编码的蛋白推断是萘或联苯双加氧酶大亚基。
以 PCR 产物为模板制备 DNA 探针， Southern 杂交表明：该基因位于其质粒 DNA 上。 
第二部分，西太平洋深海沉积物中芘降解细菌的研究：从西太平洋深海沉积物富
集得到一个芘降解菌群并从该菌群中分离、鉴定了一株关键降解菌。以萘作为挥发性







唯一报道的来自深海的芘降解菌。通过设计引物、PCR 扩增从其基因组 DNA 中克隆得到
了两个基因片段，分别包括：编码 PAHs 起始双加氧酶 ISP 组分大、小亚基的两个基因
和编码铁氧还蛋白、铁氧还蛋白还原酶的两个基因。1.9 K 的 PCR 扩增片段与 A5 中同

















第三部分，大西洋沉积物中 PAHs 降解菌的研究：以 PAHs 混合物（萘、菲、芘）
为碳源富集得到了 5 个不同的 PAHs 降解菌群。采用 DGGE（16S rDNA 的 V3 区序列）、
单菌筛选、平板菌落计数相结合的方法对这些菌群的结构进行了解析。通过单菌和菌
群的 DGGE 条带对应，确定可培养优势菌主要有： 跟 Pseudoalteromonas ganghwensis、
Novosphingobium pentaromativorans 、 Marinobacter koreensis 、 Marinobacter 
vinulentu、Halomonas meridiana 、Alcanivorax venusti、Alcanivorax dieselolei、
Tistrella mobilis 、 Thalassospira lucentensis 近 缘 的 菌 种 ， 其 中
Pseudoalteromonas、Novosphingobium、Marinobacter、Halomonas 属的细菌都有报道
过的 PAHs 降解菌。Alcanivorax 属的细菌是报道过的非常重要的烷烃降解菌。而跟
Tistrella mobilis、Thalassospira lucentensis 近缘的菌种则没有 PAHs 降解的有关
报道。同时对 DGGE 图谱中没有和已分离单菌对应的菌群条带进行回收测序，确定的未
培养优势菌主要有：解环菌属、食烷菌属的多株细菌、跟 Thalassospira lucentensis、




海洋环境中 重要的 PAHs 降解菌。 
 





















Diversity Analysis of Deep Sea PAHs-Degrading Bacteria and Molecular 
Characterization of the predominant PAHs Degraders 
Abstract 
 
Polycyclic aromatic hydrocarbons (PAHs) are a group of compounds composed 
of two or more fused aromatic rings. They are persistent in the environment, 
and are toxic, mutagenic and carcinogenic. Aims of this study were to detect 
the diversity of PAHs-degrading bacteria from nearshore and deep-sea marine 
environments, and to characterize the predominant PAH-degraders. 
First, the study of a nearshore phenanthrene degrader: A PAHs-degrading 
strain, with phenanthrene as sole carbon and energy source, was isolated from 
sea water sample of Xiamen ferry dock. 16S rDNA sequences similarity analysis 
indicated that it was a strain of genus Novosphingobium, tentatively named 
Novosphingobium sp. phe-8. The degrading efficiency of phenanthrene and pyrene 
by phe-8 was determined by GC-MS. Phenanthrene of 100 mg/L was almost completely 
removed within 3 weeks, while pyrene of 10 mg/L was almost completely removed 
within 5 days. According to published PAHs initial dioxygenase α-subunit gene 
sequences, a pair of degenerate primers were designed and a target gene fragment 
of about 700 bp was obtained through PCR. And sequence alignment revealed that 
it was similar to the bphA1f gene of Novosphingobium aromaticivorans F199, which 
encoded a putative naphthalene or biphenol dioxygenase. The PCR-generated 
partial gene fragment DNA was used  as the template to prepare a digoxin-labeled 
probe. Southern blotting proved that the degradative genes located on a large 
plasmid. 
Second, the study of a pyrene degrader from west Pacific deep sea sediment: 
A PAHs degrading consortium was enriched by using pyrene as sole carbon and 
energy source from west Pacific benthic sediment. DGGE and sequencing analysis 
revealed that it was made up of many degraders, and one of the main populations 
was genus Cycloclasticus. It was reported that Cycloclasticus strains were 
obligate marine aromatic hydrocarbons degraders. A pure culture of 















tentatively named Cycloclasticus sp. P1. 16S rDNA sequence similarity analysis 
indicated that it was closely related with other reported strains of this genus. 
Carbon sources utilization results showed that it could use almost all PAHs 
tested as follows: naphthalene, 2-methylnaphthalene, 2,6-dimethylnaphthalene, 
acenaphthene, phenanthrene, anthracene, fluorene, dibenzofuran, 
dibenzothiophene, pyrene and biphenyl. But it could not degrade fluoranthene, 
chrysene and Benzo[a]pyrene. In addition, it yet could not use tested monocyclic 
aromatic hydrocarbons as its carbon sources, but it could grow on several simple 
carbon sources including acetate, propionate and L-glutamate. Our isolate P1 
distinguished itself from other Cycloclasticus strains by its specific carbon 
sources utilization range, and most important of all it could degrade pyrene 
and use it as sole carbon and energy source. So it was the first pyrene degrader 
from deep sea. Two fragments were cloned from the genomic DNA of P1 by using 
two pairs of primers. One contained genes encoding PAHs initial dioxygenase 
ISP component large and small subunits, and the other contained genes encoding 
a ferredoxin and a ferredoxin reductase, respectively. BLASTN results showed 
that the 1.9 K PCR amplified fragment exhibited 98.85% similarity with the 
homologous fragment from C. sp. A5, while the 1.4 K PCR amplified fragment 
exhibited 99.79% similarity with the homologous fragment from C. sp. A5. 
According to related reports and the carbon sources utilization results of P1, 
these cloned genes were speculated to be not involved in the degradation of 
pyrene, while other degradative genes might be responsible for this proterty. 
Third, the study of PAHs-degrading bacterial communities from Atlantic deep 
sea sediment: Five different PAHs-degrading consortia were obtained by 
enrichment with a mixture of naphthalene, phenanthrene and pyrene as carbon 
sources. Structure of bacterial communities was analyzed by DGGE (V3 region 
of 16S rDNA) combined with isolation of culturable strains and CFU counting. 
The results showed that the predominant strains were detected to be strains 
phylogenetically close to Pseudoalteromonas ganghwensis, Novosphingobium 
pentaromativorans, Marinobacter koreensis, Marinobacter vinulentus, Halomonas 















Thalassospira lucentensis according to about 830 bp partial sequence of 16S 
rDNA. Some species of Pseudoalteromonas, Novosphingobium, Marinobacter and 
Halomonas were previously reported as PAHs degraders. And strains of 
Alcanivorax were important alkane degraders. While there was no report showed 
that Tistrella mobilis and Thalassospira lucentensis were related with PAHs 
degradation. Simultaniously, the unculturalbe strains which showed as 
predominant members in DGGE profiles were directly subjectd to band sequencing, 
and determined to be: strains phylogenetically close to Cycloclasticus and 
Alcanivorax, Thalassospira lucentensis, Alteromonas litorea, Marinobacter 
sediminum, Marinobacterium georgiense, Methylophaga murata, Pseudomonas 
aeruginosa PD100, Alcaligenes faecalis BC2000, Novosphingobium 
aromaticivorans DSM 12444, and Rhodospirillaceae bacterium CL-UU02. As 
previously reported, species of  Cycloclasticus, Marinobacter, 
Marinobacterium, Pseudomonas, Alcaligenes and Novosphingobium were the 
potential PAHs degraders of these consortia in addition to the above culturable 
degraders. 
 

















1.1 PAHs 对海洋环境的污染及其生物修复 
1.1.1 海洋环境 PAHs 污染概况以及 PAHs 的危害 














































虽然自然界中广泛存在能够降解 PAHs 的微生物，但是 PAHs 的降解速率和效率会












染物（有的是自然界原本不存在，而是由人类合成的，比如 PCBs），包括 PAHs 都可以
被转化或降解。 
1.1.2.1 海洋 PAHs 降解菌的种类 
跟 PAHs 降解有关的海洋微生物包括：假单胞菌属[23,24]、黄杆菌属[25]、假交
替单胞菌属[26]、海杆菌属[27]、盐单胞菌属[8]、鞘氨醇单胞菌属[28]、新鞘氨醇杆
菌属[29]、弧菌属[30]、解环菌属[31]以及 Neptunomonas 属[32]等。 
1.1.2.2 PAHs 降解途径 
细菌的 PAHs 有氧降解通常分为两部分，一部分称为上游途径，通过起始双加氧酶
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